MicroRNAs (miRNAs) regulate gene expression by binding the 3Ј untranslated region of mRNAs. To define their role in glomerular function, miRNA biogenesis was disrupted in mouse podocytes using a conditional Dicer allele. Mutant mice developed proteinuria by 3 wk after birth and progressed rapidly to end-stage kidney disease. Podocyte pathology included effacement, vacuolization, and hypertrophy with crescent formation. Despite normal expression of WT1, podocytes underwent dedifferentiation, exemplified by cytoskeletal disruption with early transcriptional downregulation of synaptopodin. These abnormalities differed from Cd2ap Ϫ/Ϫ mice, indicating they were not a general consequence of glomerular disease. Glomerular labeling of ezrin, moesin, and gelsolin was altered at 3 wk, but expression of nestin and ␣-actinin was unchanged. Abnormal cell proliferation or apoptosis was not responsible for the glomerular injury. Mutant podocytes were incapable of synthesizing mature miRNA, as revealed by their loss of miR-30a. In contrast, expression of glomerular endothelial and mesangial cell miRNAs (miR-126 and miR-145, respectively) was unchanged. These findings demonstrate a critical role for miRNA in glomerular function and suggest a pathway that may participate in the pathogenesis of kidney diseases of podocyte origin. The unique architecture of podocytes may make them especially susceptible to cytoskeletal alterations initiated by aberrant miRNA dynamics.
MicroRNAs (miRNAs) are regulatory RNAs that act as antisense posttranscriptional repressors by binding the 3Ј untranslated region of target mRNAs. Eukaryotes express hundreds of miRNAs that can regulate thousands of mRNAs, yet they are not regarded as housekeeping genes. Rather, they serve critical roles in dictating cell-and tissue-specific gene expression and in this context reinforce differentiation by dampening fluctuations in target mRNAs essential for homeostasis. 1, 2 Primary miRNA transcripts are processed into approximately 70-nt stem-loop precursors in the nucleus by Drosha-DGCR8; these are then cleaved in the cytoplasm into approximately 22-nt duplexes by Dicer. 3 One strand of the duplex is loaded into the RNAinduced silencing complex and directs the complex to its targets. When miRNA-mRNA pairing is near perfect, the target is cleaved by argonaute, a com-ponent of the RNA-induced silencing complex. More common, binding is imperfect, and complexes are recruited to cytoplasmic foci (P bodies), where the mRNAs are stored or degraded. 4 The number and redundancy of miRNAs pose a challenge to studying their roles individually. One strategy has been to knock out all miRNAs by targeting Dicer. Dicer Ϫ/Ϫ mice die at embryonic day 7.5 (E7.5) with morphologic defects, whereas mutants homozygous for a hypomorphic allele survive to E14.5 with impaired angiogenesis. 5, 6 Conditional alleles permit targeted disruption of Dicer in mice using the Cre-loxP system. Knockout in embryonic limb causes developmental defects as a result of increased apoptosis and dysregulated gene expression. 7 Knockout in developing lung disrupts epithelialmesenchymal signaling and arrests branching morphogenesis. 8 Others have used this strategy to demonstrate a requirement for miRNAs in T cell differentiation, 9 epidermal organization, 10 Purkinje cell survival, 11 and heart function. 12 Although miRNAs are critical for development and maintenance of many tissues, little is known about their roles in the kidney. Several miRNAs seem to be enriched in human kidney, 13 and one has been implicated in the pathogenesis of diabetic nephropathy in mice. 14 Ultrafiltration in the kidney occurs across the glomerular capillary wall. The outer aspect of the barrier is lined by podocytes, which envelop the capillaries by extending slender foot processes that interdigitate with those of neighboring podocytes, bridged by a slit diaphragm. Disruption of slit diaphragm-associated proteins (e.g., nephrin, podocin, CD2AP) uncouples this complex from the cytoskeleton, causing proteinuria, glomerular disease, and kidney failure. 15 To define roles for miRNAs in podocytes, we disrupted their biogenesis in vivo using a conditional Dicer allele. Here we demonstrate that Dicer is essential for maintaining podocyte differentiation, foot process architecture, and the integrity of the glomerular filtration barrier.
RESULTS

Dicer Is Essential for Podocyte Structure and Function
Podocyte-specific Dicer knockout mice were generated using a conditional allele (Dicer fl ) containing loxP sites flanking an exon encoding most of the second RNAseIII catalytic domain. 7 To target podocytes, we used a transgene (2.5P-Cre) that express Cre under control of the NPHS2 promoter. Cre is restricted to podocytes and is first active in immature podocytes of early capillary loop-stage glomeruli. 16 Dicer fl/fl ;2.5P-Cre mice developed albuminuria by 3 wk ( Figure 1A ) and progressed rapidly to end-stage kidney disease by approximately 6 wk. The disease followed a more aggressive course in some mutants, and urinary protein excretion suggested this was influenced by genotype ( Figure 1B) . Consistent with this, blood urea nitrogen levels at 5 to 6 wk indicated the phenotype was most severe in mutants carrying a null allele (Dicer ⌬/fl ;2.5P-Cre) but delayed in those with a Cre reporter (Dicer fl/fl ;2.5P-Cre; R26R; Figure 1C ). This likely reflects the limited efficiency of Cre-mediated recombination, and it suggests podocytes are acutely sensitive to disruptions in Dicer activity. Unless otherwise indicated, the results herein are based on Dicer fl/fl ;2.5P-Cre mice.
Mutants showed no renal pathology up to 2 wk of age. At 3 wk, superficial glomeruli were normal, but corticomedullary glomeruli displayed focal hypertrophy and vacuolization of podocytes and parietal epithelium, as well as pseudocrescents (Figure 2A ). The zonal pattern of these lesions correlates with the state of glomerular maturity and likely reflects the timing of Dicer knockout in glomeruli, which develop in a temporally staggered manner. Podocytes in deep glomeruli also showed segmental foot process effacement, lipid droplets, and cytoplasmic vacuoles ( Figure 2 , B and C). Glomerular basement membrane (GBM) abnormalities included focal splitting, inclusions, and subepithelial projections. By 5 wk, all but the most superficial glomeruli showed pathologic changes ( Figure 2D ). Tubules were dilated and held luminal pro- 5P-Cre;R26R mutants and controls at 5 to 6 wk, whereas the differences between all other genotypes were statistically significant (P Ͻ 0.05). Disease progression is correlated with the number of "floxed" genomic loci, likely reflecting the limited efficiency of conditional targeting. Germline and podocyte-specific Dicer heterozygotes (Dicer ⌬/ϩ and Dicer fl/ϩ ;2.5P-Cre, respectively) had normal urinary protein/creatinine ratios and no overt phenotype.
BASIC RESEARCH www.jasn.org tein casts and nuclei ( Figure 2E ), suggesting detachment of epithelial cells of tubular and/or glomerular origin. There was prominent podocyte vacuolization ( Figure 2F ), as well as FSGS, periglomerular fibrosis, and interstitial inflammation consistent with late-stage disease ( Figure 2G ). Mutant podocytes showed extensive effacement and microvillous transformation, and many had large, clear cytoplasmic vacuoles or were degenerating ( Figure  2H) . In rare cases, we noted collapsing lesions with prominent GBM wrinkling and capillary occlusion ( Figure 2I ), but in other regions, the glomerular endothelium was normally flattened and fenestrated.
X-gal staining was used to track the fate of podocytes in mutants 4 to 6 wk of age carrying the R26R allele (Supplemental Figure 1 ). Podocytes in deep glomeruli enveloped the periphery of the glomerular tuft or were localized to crescents, whereas labeling in superficial glomeruli was normal. Staining was weak and limited to superficial glomeruli in mutants with severe proteinuria, and podocytes that could be identified were mislocalized.
Pre-miRNA Processing Is Abolished in Dicer-Deficient Podocytes
In situ hybridization for mature miRNA was used to assay Dicer activity. To identify miRNAs enriched or specific to podocytes, we analyzed data from a recent survey 17 and tested several candidates in 3-wk-old mice. miR-30a was detected only in collecting duct epithelial cells and podocytes in normal kidney ( Figure 3A ). Tubular staining was comparable in mutants, but labeling of all podocytes was much weaker at 2 wk and absent by 3 wk ( Figure  3B ). This indicates that miRNA biogenesis was disrupted by 3 wk, a time point that coincides with the onset of the phenotype. miR30a was also detected in normal lung, but signals were weak or undetectable in other adult organs. miR-126 was detected in glomerular and peritubular capillary endothelial cells in normal kidney, and labeling was comparable in mutants ( Figure 3 , C and D). miR-126 was restricted to endothelium in all tissues, consistent with the fact that it is encoded within an intron of the endothelialspecific gene Egfl7. miR-145 was expressed only by mesangial and vascular smooth muscle cells in normal kidney ( Figure 3E ), and labeling was indistinguishable in mutants ( Figure 3F ). Interestingly, miR-145 was limited to vascular and visceral smooth muscle in all tissues surveyed. miR-200b and miR-204 were detected in tubular epithelial cells in normal kidney, and the latter was additionally expressed by glomerular parietal epithelium. Labeling for both miRNAs in mutants was comparable to controls. miR-10b and miR-194 were not detected in mutant or control kidneys.
Mutant Podocytes Undergo Dedifferentiation Marked by Early Loss of Synaptopodin and Altered Glomerular Expression of ERM Proteins
miRNAs are posttranscriptional regulators, so the consequences of Dicer knockout should be readily apparent at the protein level. To seek changes underlying the phenotype, we analyzed glomeruli isolated from four pairs of 19-to 20-d-old mutant and control mice by two-dimensional-difference gel electrophoresis. Of approximately 2600 distinct proteins constituting the glomerular proteome, 195 differed significantly in abundance between the samples, and approximately 10% of these were isolated for identification by matrix-assisted laser desorption ionization time of flight mass spectrometry. Many proved to be either structural or regulatory cytoskeletal proteins, including actin, myosin light chain, tropomyosin, moesin, gelsolin, and caldesmon. Most glomeruli are normal by light microscopy at this age, and only podocytes in deep glomeruli have foot process effacement. This suggests that cytoskeletal disruption might cause the mutant phenotype, rather than be secondary to it.
One of the earliest and most striking changes in mutants was downregulation of the actin-associated protein synaptopodin. In normal kidney, an antibody to synaptopodin labeled podocytes and reacted weakly with interstitial vessels. Podocyte staining in mutants was markedly decreased or absent in deep glomeruli at 3 wk ( Figure 4A ), and most glomeruli were negative by 5 wk. In situ hybridization revealed a corresponding loss of synaptopodin RNA in mutant glomeruli, a finding that could reflect either transcriptional downregulation or increased mRNA degradation ( Figure 4B ). Ezrin, which links podocalyxin to the podocyte cytoskeleton and can be a marker of podocyte injury, 18 was detected in podocytes and proximal tubules in controls but was markedly reduced in podocytes of deep glomeruli of 3-wk-old mutants ( Figure 4C ). Podocytes and endothelial cells stained for podocalyxin in normal mice, but labeling was reduced in mutant glomeruli lacking synaptopodin, and the remaining signal was consistent with expression by endothelial cells. Disruption of ezrin and podocalyxin was expected, given their interaction. Moesin, a functionally related ERM (ezrin-radixin-moesin) family member, was downregulated in the proteomic screen of mutant glomeruli. It is expressed by all glomerular cell types except podocytes in the rat. 19 Moesin localized primarily to endothelial cells in normal glomeruli, as determined by dual labeling for synaptopodin or the endothelial marker CD31, and its expression was reduced in deep glomeruli of 3-wkold mutants ( Figure 4D ). Moesin may be disrupted indirectly through alterations in podocyte-endothelial signaling. Mutant podocytes stained normally for ␣-actinin-4 and nestin at 3 wk ( Figure 4 , E and F). Those in deep glomeruli also labeled prominently for desmin, a marker of injured podocytes ( Figure 4G ).
The cytoskeletal changes could stem from abnormal expression of the structural molecules themselves or from altered expression of regulatory molecules governing cytoskeletal dynamics. An example of the latter is the actin-severing protein gelsolin, which was downregulated in the proteomic screen. Gelsolin is expressed by most tubular epithelial cells in normal kidney and has also been localized to glomerular endothelium. 20 Using the same gelsolin antibody, we noted diffuse labeling in normal mice, consistent with expression by all glomerular cell types, including podocytes. Gelsolin was upregulated in mutant podocytes, whereas labeling of other glomerular cells was decreased ( Figure 4H ).
These changes could reflect a specific cellular response to the loss of miRNAs or, alternatively, could be a nonspecific consequence of glomerular disease. To investigate this, we profiled glomeruli from CD2AP knockout mice that develop nephrotic syndrome as a result of the loss of this slit diaphragmassociated protein ( Figure 5A ). Cd2ap Ϫ/Ϫ mice have foot process effacement and proteinuria by 3 wk, making them a suitable model for comparison with Dicer mutants, because both follow a similar clinical course and stem from a primary podocyte defect. Glomeruli of 1-mo-old Cd2ap Ϫ/Ϫ mutants stained for synaptopodin ( Figure 5B ). The intensity of labeling was comparable to controls, although its distribution was altered, reflecting glomerular capillary distension and sclerosis common at this age. Ezrin was retained in mutant glomeruli ( Figure 5C ), and podocytes also stained prominently for desmin ( Figure 5D ), suggesting a similar degree of cell injury as in Dicer mutants. Thus, the cytoskeletal abnormalities in Dicer-deficient podocytes are not part of a general response to foot process effacement or proteinuria. 
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Dicer-Deficient Podocytes Lose Many Defining Antigens Despite Normal Expression of WT1 but Do not Undergo Mesenchymal Transdifferentiation
Staining for nephrin was reduced in mutant glomeruli that lacked synaptopodin at 3 wk ( Figure 6A ) but was normal in superficial glomeruli up to 5 wk. Labeling for podocin and CD2AP followed a similar pattern ( Figure 6B and data not shown), an expected finding given their association with nephrin. In situ hybridization revealed podocin was downregulated at the RNA level ( Figure 6C ). Podocytes normally express vascular endothelial growth factor (VEGF), which maintains the health of the underlying glomerular endothelium. 21 In controls, there was intense expression of VEGF mRNA by podocytes, and weak signals were also detected in some tubular epithelial cells. Podocyte labeling was markedly decreased in deep glomeruli of 3-wk-old mutants ( Figure 6D ), whereas superficial glomeruli were normal. Curiously, no endothelial abnormalities expected in the setting of reduced VEGF (e.g., loss of fenestrations, endotheliosis) were noted, and glomerular staining for CD31 in mutants was comparable to controls even at 5 wk. Mutant podocytes might synthesize VEGF at levels below the limit of detection, or the GBM may serve as a reservoir for sufficient VEGF to maintain endothelial homeostasis.
WT1 is a transcription factor restricted to podocytes in adult kidney. At 3 wk, podocytes in mutant glomeruli with little synaptopodin showed nuclear WT1 staining comparable to controls ( Figure 6E ). In situ hybridization revealed WT1 was also expressed at the RNA level ( Figure 6F ). This suggests that although certain podocyte mRNAs are downregulated in mutants, there is not a general repression of transcriptional activity. Some mutant podocytes expressed WT1 at 5 wk, although most in deep glomeruli were negative. Loss of miRNAs might cause podocytes to revert to a primitive state and reexpress markers of their mesenchymal precursors; however, one such marker, PAX2, was not detected in mutant podocytes by immunostaining at 3 wk, and by in situ hybridization, they were also negative for its transcriptional targets, GDNF and WNT4. Glomeruli of all mice were negative for the fibroblast marker FSP-1/S100A4 and for ␣-smooth muscle actin at 3 wk, but by 5 wk, there was prominent periglomerular labeling for both antigens in mutants ( Figure 6 , G and H). Myofibroblast accumulation is typical in advanced disease and consistent with fibrosis noted by histology. Occasional cells in mutant BASIC RESEARCH www.jasn.org 2154 glomeruli at this age were positive for ␣-smooth muscle actin. Although their identity could not be firmly established given the lack of podocyte markers, their localization was consistent with expression by parietal epithelium.
Aberrant Podocyte Proliferation or Apoptosis Does not Contribute to the Initiation of Glomerular Injury
Knockout of Dicer has been associated with increased apoptosis, whereas altered expression of certain miRNAs promotes proliferation. Either process would be injurious to normally quiescent podocytes. Bromodeoxyuridine (BrdU) labeling revealed proliferating tubular and interstitial cells in 2-to 3-wk-old controls and mutants, reflecting ongoing postnatal nephrogenesis. Positive cells were noted in glomeruli, but their number did not differ significantly between mutants and controls ( Figure 7 ). In contrast, at 5 to 6 wk, tubular and interstitial proliferation was prominent only in mutants. There was also focal BrdU labeling in glomeruli that was most evident in those with severe structural changes, and quantification revealed an overall increase in glomerular proliferation compared with controls ( Figure 7) . On the basis of location, at least some of this represented parietal epithelium. The contribution by podocytes is unclear, because there was concomitant loss of WT1 as assessed by dual staining. Terminal deoxynucleotidyl transferase-mediated digoxigenin-deoxyuridine nick-end labeling (TUNEL)-positive cells were only rarely noted in 2-to 3-wk-old mutants and controls, yet there was a small but significant increase in the number of apoptotic cells in mutants (Figure 7) . By 5 to 6 wk, many apoptotic cells were present in the interstitium and within tubular lumens in mutants, and there was a marked increase in glomerular apoptosis compared with controls (Figure 7) . Abnormal cell proliferation and apoptosis occurs late in the course of the disease and cannot account for the early glomerular lesions.
DISCUSSION
In this study, we demonstrated a requirement for miRNAs in the maintenance of podocyte structure and function. Knockout of Dicer in podocytes leads to cytoskeletal disorganization and dedif- Abnormal cell proliferation or apoptosis does not contribute to the initiation of glomerular injury. The number of BrdUpositive proliferative cells per glomerular cross-section did not differ significantly between mutants and controls at 2 to 3 wk but was increased in mutants at 5 to 6 wk. Some of this reflected proliferation of parietal epithelium, but the contribution of podocytes could not be established because of the loss of cell-specific markers. TUNELpositive apoptotic cells were rarely noted in normal kidneys. There was a small but significant increase in glomerular apoptosis in mutants at 2 to 3 wk and a striking increase by 5 to 6 wk. Data are means Ϯ SEM. *P Ͻ 0.05; ***P Ͻ 0.001. BASIC RESEARCH www.jasn.org ferentiation, causing progressive glomerulonephritis and death by approximately 6 wk. The severity of the phenotype was influenced by the number of "floxed" alleles, whether Dicer or R26R. This likely reflects the limited efficiency of Cre-mediated recombination, and it highlights an important factor to consider when deleting multiple conditional alleles, whether in podocytes or other cell types.
Immunostaining or Western blotting is often used in knockout studies to confirm mutant tissue lacks the targeted protein; however, the Dicer fl mutation generates an in-frame deletion and a mutant protein that cannot reasonably be differentiated from control. More important, because of protein and nucleic acid half-lives, low levels of Dicer activity and/or mature miRNAs should persist in genetically null cells; therefore, the timing of Dicer knockout was evaluated by in situ hybridization using probes that target mature miRNAs. Screening several candidates, we identified a miRNA "signature" for three glomerular cell types: miR-126 was expressed by the endothelium, miR-145 by mesangial cells, and miR-30a by podocytes. miR-30a was not restricted to podocytes but was enriched in the kidney, consistent with an earlier report in zebrafish. 22 (We note that the probe to miR-30a cannot discriminate the closely related family members miR-30e and miR-30d that differ only by 1 nt, so any of these could be expressed.) Signals for miR-30a were undetectable in all mutant podocytes at 3 wk of age, as expected after inactivation of Dicer. Although this finding could reflect transcriptional downregulation of miR-30a rather than loss of processing by Dicer, this is unlikely because podocytes in superficial glomeruli expressed all other podocyte transcripts assayed at normal levels. Only one of seven miRNAs surveyed herein was detected in normal podocytes, but we hypothesize that they express a unique repertoire of miRNAs that collectively act to reinforce their differentiated state. It is likely that all of these are either absent or disrupted to some degree, depending on their stability and baseline expression, in Dicer mutants.
A number of podocyte proteins were downregulated in mutants, a finding seemingly at odds with inhibition of miRNAmediated gene silencing. Loss of translational repression is presumably the initiating insult, but the consequences are likely complex; it is easy to envisage how disruption of transcriptional networks or cell signaling pathways that are themselves regulated by miRNAs indirectly affect the expression of downstream genes important for podocyte function. In this respect, it is noteworthy that the molecular changes in mutants manifest at a time when expression of WT1 by podocytes is normal. Downregulation of synaptopodin was one of the earliest changes noted. The relevance of this finding is unclear, because podocyte ultrastructure and function are normal in Synpo Ϫ/Ϫ mice, although a novel truncated form of synaptopodin is expressed in these mutants. 23 Loss of synaptopodin is a hallmark of the dedifferentiated podocyte phenotype in idiopathic and HIV-associated collapsing glomerulonephritis 24 ; however, in these disorders, there is also dramatic podocyte proliferation, a feature not observed in Dicer mutants. Human nephrotic syndrome is not invariably associated with loss of synaptopodin; neither are experimental models of the disease, as shown herein using Cd2ap Ϫ/Ϫ mice. Common molecular pathways, yet to be identified, may lead to disruption of synaptopodin in Dicer-deficient podocytes and in collapsing glomerulonephritis.
The cytoskeleton is critical for elaboration and maintenance of podocyte foot processes, and it serves as a platform for transmitting signals from the extracellular environment and neighboring podocytes. Disruption of the cytoskeleton may be an early consequence of altered miRNA dynamics because its constituents are more labile than other classes of proteins, such as matrix molecules. Cytoskeletal abnormalities have not been the focus of most other Dicer knockout studies, but this was a defining feature of Dicer-deficient cardiomyocytes that abnormally express various contractile and intermediate filament proteins. 12 We expect that miRNAs will prove critical for many aspects of kidney development and function. Those with a developmentally restricted expression pattern in mouse kidney or that are limited to specific cell types therein might be considered candidates for involvement in human kidney disease. Polymorphisms in the 3Ј untranslated region of genes implicated in kidney disease might disrupt miRNAmediated silencing and influence gene expression. Collectively, this study establishes an essential role for miRNA in the maintenance of podocyte differentiation and for functional integrity of the glomerular filtration barrier. Our findings provide a starting point to investigate novel pathways that may underlie the pathogenesis of kidney diseases characterized by podocyte dysfunction and in doing so point to miRNAs as potential therapeutic targets.
CONCISE METHODS
Mice
Podocyte-specific Dicer knockout mice were generated using a conditional allele (Dicer fl ) that deletes most of the second RNAseIII domain. 7 Podocytes were targeted using 2.5P-Cre transgenic mice. 16 Where indicated, mice were heterozygous for R26R 25 or carried a Dicer null allele (Dicer ⌬ ) generated using ␤-actin-Cre. 26 
Cd2ap
Ϫ/Ϫ mice have been described previously. 27 Genotyping was performed by PCR of tail DNA. Mice were studied on a 129 ϫ C57BL/6J background, and experiments were approved by the Washington University Animal Studies Committee.
Clinical Chemistry and Urinalysis
Urine from mutants or control littermates was pooled according to genotype (n Ͼ 3 at each age) for analysis by SDS-PAGE. Blood urea nitrogen, urinary protein, and creatinine concentrations were measured with a Cobas MiraPlus analyzer (Roche, Somerville, NJ).
Histology, Immunostaining, and In Situ Hybridization
Paraffin sections were stained with hematoxylin or periodic acidSchiff reagent. X-gal histochemistry and electron microscopy were performed as described previously. 28, 29 Cryosections were immunostained using a panel of antibodies (Table 1) ; dilutions and modifications to a standard staining protocol 28 are indicated therein. DIGlabeled riboprobes were generated by in vitro transcription of cDNA encoding mouse VEGF-A (nt 327-1169 of NM_009505), synaptopodin, 30 podocin, 29 and WT1. 31 In situ hybridization was performed as described previously, 32 except hybridization and stringency washes were at 57°C. Sense probes gave no signal above background. miRNAs were detected using DIG-labeled locked nucleic acid probes to mouse miR-10b, miR-30a-5p, miR-126 -3p, miR-145, miR-194, miR-200b, and miR-204 (Exiqon, Woburn, MA). Locked nucleic acid probes (50 nM) were hybridized using the same protocol and stringency washed three times for 15 min in 2ϫ SSC, then two times for 30 min in 0.2ϫ SSC. After color development, slides were stained with Nuclear Fast Red or immunostained as already described.
Cell Proliferation and Apoptosis
Cell proliferation was assessed by injecting BrdU (0.15 mg/g body wt) intraperitoneally into mice 1.5 h before being killed, and the label was detected by peroxidase staining of paraffin sections with a BrdU antibody (Accurate Chemical, Westbury, NY). Apoptosis was evaluated in the same specimens by TUNEL labeling (ApopTag; Chemicon, Temecula, CA). One hundred glomeruli from each animal were scored in a blinded manner, and results are reported as the number of positive cells per glomerular cross-section.
Statistical Analysis
Data were analyzed by one-way ANOVA with Tukey post hoc testing (Figure 1 ) or two-sample t test (Figure 7 ) using GraphPad InStat software (GraphPad, San Diego, CA). Differences were considered significant at P Ͻ 0.05
